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(57) Abstract 

An iniravasiculai caihcicr (111) ami ;i nieihoil for use thereof, the catheter (10) comprising an elongate shaft (14) 
having an inflation lumen (32) cunnccicil with a ililaiion balloon (26). The catheter includes a small profile core wire (62) 
extending through the Jilaiinn halluon (26) and having a disial ponion thai extends disially of the balloon (26), and 
further in which the core wire (62) is movable rclaiive to the clongaic shaft (14) lo allou/ withdrawal of the elongate 'shaft 
(M) and itie hiilhh)n (2tO while leaving ihe cure wire (62) posiiiioncil inirnvascularly. The core wire (62) includes a tip 
member (76) wonnccicd lo the ilisi:il end of ihc core wire (62) wherein the tip member (76) has a proHle larger than the 
catheter distal opening (72j. Also, u maniiohl (20K) is provided to form both a fluid seal around a guide wire (202) 
received in a port (302) and spatially Tix tlie ttosiiion of the guide wire f202l in the manifold f2n8V 
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Intravascular Catheter and Method for Use Thereof 



REFERENCE TO RELATED APPLICATIONS 

The present application is a continuation in 
part of Ser. No. 07/843,647, filed February 28, 1992, 
which is still pending, which was a continuation-in- 
part of 07/830,479, filed February 4, 1992 which is 
still pending which is a continuation of Ser. No. 
07/398,756, filed August 25, 1989, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to an improved 
intravascular catheter and in particular to an improved 
intravascular catheter that can have a very low profile 
and that allows for the exchange of a first catheter 
for another catheter over a guide wire, and methods for 
use thereof. 

Intravascular catheterization apparatuses 
have proven to be useful and efficient for both 
therapeutic and diagnostic purposes. Intravascular 
catheterization therapies, such as angioplasty, 
atherectomy, and laser irradiation, have been developed 
as alternatives to bypass surgery for treating vascular 
diseases or other conditions that occlude or reduce the 
lumen size of portions of a patient's vascular system. 
In particular, balloon angioplasty has proven to be a 
useful and in many circumstances a preferred treatment 
for obstructive coronary diseases. Also, intravascular 
diagnostic catheter apparatuses, for angiographics, 
ultrasonic imaging, and Doppler blood flow measurements 
for example, have been developed to measure or image 
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the extent of an occlusion of a vessel, (e.g., 
stenosis). These intravascular diagnostic apparatuses 
may be used in conjunction with the aforementioned 
therapeutic apparatuses or may be used in conjunction 
with more invasive techniques such as coronary surgery. 

These intravascular therapeutic and 
diagnostic apparatuses have achieved acceptance because 
of their effectiveness as well as the fact that they 
can be used through a minor surgical procedure that is 
relatively non-disruptive to the patient compared to 
PP^onary surgery. These intravascular therapeutic and 
diagnostic apparatuses rely on the positioning of a 
catheter device into the vascular system of a patient 
vxa an incision at an accessible location which may be 
remote from the site of the occlusion or stenosis. For 
example, the accessible location may be the femoral 
artery at the groin. The intravascular device is then 
advanced through the incision via the femoral artery to 
the desired coronary distal site. 

Because of the small size of some of these 
vessels and the tortuous passages through the vessels 
positioning of a catheter device through a patient's ' 
vasculature can be a difficult and time consuming task 
requiring considerable skill on the part of the 
25 physician. For example, in order to perform an 

angioplasty dilation, the angioplasty balloon catheter 
must be positioned across the stenosis in the arterial 
site. The stenosis may be located in a tortuous 
portion of the coronary vasculature and, furthermore 
the Obstructive arterial disease may impede crossing 
the stenosis with the balloon portion of the 
angioplasty catheter. Thus, not all arterial 
obstructions can be successfully treated by present 
intravascular balloon catheter procedures because some 
arterial obstructions are not readily accessible to a 
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balloon dilation catheter. Accordingly, there is a 
need for intravascular catheters of very low profile 
that can be positioned in narrow, tortuous regions of a 
person ' s vasculature . 

Another important consideration relating to 
intravascular procedures, such as angioplasty, relates 
to catheter exchanges. Intravascular therapeutic and 
diagnostic devices come in various types and sizes 
suitable for the vessel size and location in which the 
treatment is to be performed. Sometimes, it becomes 
necessary to exchange a first therapeutic device for 
one of a different size after the first device has been 
positioned or after an unsuccessful attempt to position 
the first device. This may be necessitated because it 
becomes apparent that^the first device is the wrong 
size or because it is determined that additional 
therapeutic or diagnostic procedures with a different 
size or type of device is required. 

Several different types of catheter 
constructions have been developed for positioning 
intravascular therapeutic or diagnostic catheters 
through a patient's vasculature. One type of .catheter 
design, commonly referred to a fixed-wire type 
catheter, includes a non-removable wire tip attached on 
a distal end of the intravascular catheter. The wire 
tip facilitates maneuvering the catheter to the desired 
vessel site. A disadvantage of the fixed-wire type 
catheter that is if it becomes necessary to exchange a 
first catheter for a second catheter, the maneuvering 
procedure must be repeated for the second catheter. As 
mentioned above, this can be sometimes a tedious and 
difficult procedure. 

Another type of catheter design, referred to 
as an over-the-wire type catheter,' includes a central 
lumen through the intravascular device that can 
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accommodate a separate guide wire that is movable, and 
removable, in relation to the catheter to facilitate 
positioning the catheter in a remote vessel location 
over the guide wire. In the over-the-wire 
construction, the catheter includes a lumen adapted to 
receive the guide wire from a proximal end to the 
distal end of. the device. The guide wire is initially 
loaded through the lumen of the over-the-wire catheter 
and extends out from the distal end thereof. Then, the 
guide Wire and the intravascular catheter are advanced 
together and positioned in the vessel at the desired 
Site. The guide wire may be advanced distally of the 
distal end of the catheter and steered, as necessary, 
to traverse tortuous passages of the vessel. The guide 
Wire may then be withdrawn proximally through the lumen 
Of the catheter or .ay be left in place extending from 
the dxstal end of the catheter during the procedure. 

The over-the-wire type catheter facilitates 
exchanges, m order to exchange a first over-the-wire 
intravascular catheter with another, it is preferred 
not to lose a hold on the proximal end of the guide 
Wire as the catheter is withdrawn over'the proximal end 
Of the guide wire. An intravascular catheter with an 
over-the-wire construction can be exchanged while 
leaving the distal tip of the guide wire in place by 
using an exchange wire which is a guide wire having a 
long length (e.g. 300 cm) so that a sufficiently long 
proximal portion of the guide wire extends out of the 
proximal end of the catheter so that the entire 
catheter can be withdrawn out completely over the wire 
While maintaining a hold on a proximal portion of the 
w^re. Another way to perform an exchange with an over- 
the-wire type intravascular catheter is by using a 
guide wire extension. 
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A variation of the over-the-wire type 
catheter that facilitates exchange of a first 
intravascular catheter with another is the single- 
operator exchange type design construction. With the 
single-operator construction, the guide wire occupies a 
position adjacent to the intravascular catheter along 
proximal and middle portions of the catheter and enters 
into a short guide wire lumen of the catheter via an 
opening in the catheter at a location in a distal 
portion of the catheter. With this type of design, the 
catheter can be positioned in the patient's vessel by 
positioning a guide wire in the desired location and 
advancing the catheter device over the wire. However, 
in the event that it becomes necessary to exchange the 
single-operator catheter, the catheter can be withdrawn 
proximally while the distal tip of the guide wire is 
left in position in the vessel site. Because the 
proximal end of the guide wire and the proximal end of 
the catheter are adjacent to each other, the proximal 
end of the guide wire can be held so that the position 
of the distal end of the guide wire in the patient's 
vessel can be maintained. With this type of catheter, 
it is necessary that the distance from the distal end 
of the catheter to the proximal guide wire lumen 
entrance is less than the length of the guide wire that 
extends proximally out of the guiding catheter. 

Although intravascular catheters, such as the 
over-the-wire type and the single-operator type, that 
employ a separate guide wire provide advantages 
relating to exchanges, these types of catheters obtain 
this advantage at the expense of size. In order to 
accommodate the separate guide wire, a separate guide 
wire lumen must be provided through at least a portion 
of the catheter. This element unavoidably increases 
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the overall dimensions of the catheter to at lea., 
degree compare, to the .i.e.-wire type c.theJr " 

Accordingly, there is a need fny • 
'=«U„o„ .nation cathet.. that facilitates cathT"" 
exchange over a ,uica „x„, but that can possl th 

SUMMARY np THE IWVPMTTnM 

The present Invention relates to an 
intravascular catheter and a method for use . 
cP.prising an elongate shaft having an i„ LtioTl 
extending therethrough, a dilation h., / 
and located at the distal 1 . connected to 

tne distal portion of the shaft -r,^ 
co^unicating with the lu.en, a s.all pro fUe core . 
extending through at least th. i^. Profile core wire 
and having a dlLr ! intravascular iniplement 

aving a distal portion that extends dis tally frnn, 
intravascular implement through a distal core wiL 
opening located dis tally of th« h.ii 

Which the core wire is La^, ^ 

Wire IS movable relative t-n i 
Shaft to allow withdrawal of th. oi elongate 

wLe " '"^ ' to. the core 

c^r:::— ^^^^^ 

BRIEF DE.qrRTP>rrnM THE rTrrror-o 

Of a first^'n'T ' ' ^--^ional side elevational view 

cat:etr:/;ire:r:„r::o:! - — 

Figure 2 is a sectional side elevations! • 

: th'etT:: - ^ -u^;"-:!::: 

atneter of the present invention. 
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Figure 3 shows a longitudinal sectional view 
of a distal portion of the embodiment .of the embodiment 
depicted in Figure 2 

Figure 4 shows a sectional view of the along 
lines A - A' in Figure 3. 

Figure 5 shows a longitudinal sectional view 
of an intermediate portion of the embodiment of the 
embodiment depicted in Figure 2. 

Figure 6 shows a sectional view of the along 
lines B - B' in Figure 5. 

Figure 7 ,is a sectional side elevational view 
of a third preferred embodiment of a balloon dilation 
catheter of the present invention. 

Figure 8 is a sectional side elevational view 
of a fourth preferred-. embodiment of a balloon dilation 
catheter of the present invention. 

Figure 9 is a sectional side elevational view 
of a fifth preferred embodiment of a balloon dilation 
catheter of the present invention. 

Figure 10 shows a sectional view of the along 
lines A - A' in Figure 9. 

Figure 11 is a sectional side elevational 
view of a sixth preferred embodiment of a ba'lloon 
dilation catheter of the present invention. 

Figure 12 shows a sectional view of the along 
lines A - A' in Figure 12. 

Figure 13 is a sectional side elevational 
view of a seventh preferred embodiment of a balloon 
dilation catheter of the present invention. 

Figure 14 is a broken longitudinal sectional 
view depicting another embodiment of the present 
invention. 

Figure 15 depicts a section of a distal 
portion of the catheter of Figure 14 shown in an 
uninflated condition (shown without the balloon portion 
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^ °^ ^'^^ embodiment of Figure 

th. f^^"""^ exploded perspective view of 

the manifold assembly in Figure 14. ^ 

Figure 18 is an . exploded side view of th*. 
manifold assembly of Figure 17. 

a nor.- 'T"" " longitudinal sectional view of 

a, portion Of manifold assembly of Figure 17 

setting"''"' "'^'^'^ - ^""-tion 

15 . ^^^"""^ ^° ^= exploded sectional view of 

15 the inflation port of.Jigure 17. 

Figure 21 is a cross sectional view of the 
inflation port ta)cen along lines 21-21 of Figure 19 
Illustrating the inflation port in a venting setting. 
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DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED fTMRnnTMr-xnp^ 

Embodiments of the present invention 

in PTCA procedures, it should be understood that these 
embodiments may be adapted to other types of 
intravascular therapeutic devices, such as atherectomy 

Ultras r " " ciiagnostic catheters, such as 

Ultrasonic catheters. 

fJRST PRESENTLY PREFF^PPrn r-M.^r^TMrrrr 

PTCA H '""'"^^'"^ ^^5ure 1, there is depicted a 
PTCA balloon dilation catheter 10 according to a first 
embodiment of the present invention. The balloon 

Shaft 14 formed of a tubular member 16 having a 
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proximal portion. 18 and a distal portion 22. A 
dilation balloon 26 is located at and connected to the 
distal portion 22 of the catheter shaft 14. The 
balloon 26 can be formed from a polyolefin copolymer 02 
other polymer material. For example, in one 
embodiment, the balloon 26 is formed of a polyolefin 
copolymer (such as that sold by DuPont under the 
tradename SURLYN as Resin No. 8527) using secondary 
treatment with 5 to 50 Mega-rad electron beam 
irradiation to enhance strength in the region of the 
balloon 26. The balloon 2 6 is provided in a variety of 
conventional sizes suitable for PTCA use. 

Extending through the catheter shaft 14 and 
specifically through the outer tubular member 15 is a 
first lumen 32. The .dilation balloon 26 is in fluid 
communication with the first lumen 32 of the catheter 
shaft 14, Inflation fluid is conveyed via the first 
lumen 32 from an inflation port 40 of a proximally 
located manifold 44 to inflate the balloon 26 and 
therefore dilate a vessel in a conventional manner 
known in the art. Located around the outer tubular 
member directly distal of the manifold 44 is a strain 
relief member 46. The strain relief member 46 may be 
piece of polymeric tubing and have a length of 5 to 
10 cm. 

In this embodiment/ the outer tubular member 
16 of the catheter shaft 14 is formed of two portions. 
A proximal portion 4 8 of the outer tubular member 16 is 
formed of a strong, relatively rigid material, such as 
a stainless steel hypotube formed of type 304 stainless 
steel. A distal portion 50 of the outer tubular member 
16 is formed of a relatively flexible material, such as 
a polymeric material like a polyolefin copolymer or 
polyethylene • In a preferred embodiment, the distal 
portion 50 is formed of polyethylene and in particular 



wo 93/17750 

? PCT/US93/0I752 



' density polyethylene (hdpe) Th« 

portion 48 and the distal portion 50 ^ f^"^"^' 
together by a .ending .eans such as an T""'^'^' 
mechanical fit in * ^ * adhesive or a 

outer diameter O.o'a Lc.eT .T" " " 
0.022 i„eh„, , length Of I'or/ °' 
portion 50 of th. „ k , '^''^ """1 

-..eter of 0. 23 " " 

" inches, . lengtH Of ;o 1!""" °^ 

portion 48 Of the shaft 14 can h. ! Proximal 
ocher than stainless stee One .1": ' """^'^ 

that can b. used for the shaft """"'"^^ 
" These alloys are also i ° ="P«relastIc alloy. 

-ory allocs:" :crraTiTi:itii v: 

-allable fro. Rayche„. i„c of „enio p!,: " 
materials that offer similar „ ' O'"" 

"tanlum shape memo^ aU ys lllTuT /^^'"''^ 
- «emory .pplfcatlons. Inc. o' ZTn^^lll IT 

another such alloy Th*»co . ""5^^^^, CA. Nitinol is 

--n. having Mgh^ela'^^^rrrtl ^'''^'^ ^ 
resistant catheter shaft. '^""^^^"9 ^" ^ kink- 

5.; Tubing of these superelastir- »ii 

used for both the proximal and distarport 
catheter shaft, zf the Proxi.al po:t\on 48 "^'^ 
tub.ng Of a superelastic alloy ilT T °' 
outer diameter of o 028 and . P^^^^^^ly has an 

to 0.003. If the d . , thickness of 0.002 

- Of a superelast c a " T'l " " "^^^ ^ — 
diameter of 0.020 and a .a.VtlT'' 
0.002. Because these It iaL L't,!^ ^ 
°^ braze, it may be preferred . ^^"^'^"It to solder 
substrates with adhesives Ai '° 
' the tubing in the dL ' '° P"-^^- 

g the dimensions necessary for use, the 
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materials may be processed by a centerless grinding 
operation. 

Referring again to Figure 1, a kink resistant 
member 52 is preferably located at and distally of the 
connection between the proximal and distal portions to 
provide for a transition in stiffness between the 
relatively rigid proximal portion 48 and the relatively 
flexible distal portion 50. In one embodiment, the 
kink resistant member 52 is formed of a spring coil 
extending across the connection location. In a 
preferred embodiment, the kink resistant member is 
formed of a stainless steel coil that extends distally 
into the distal portion 50 approximately 5 cm. In a 
preferred embodiment, the spring coil is sized to 
closely fit in the lumen 32 of the outer tubular member 
16. The kink resistant member 52 may be bonded to the 
outer tubular member 16 or may be positioned by a press 
or mechanical fit. In alternative embodiments, the 
kink resistant member 52 may be formed by a wire 
extending distally of the proximal portion 48, and in 
particular, a tapered wire. 

Located in the first lumen 32 is an inner 
tubular member 56. The inner tubular member 56 'also 
has a lumen, i.e., second lumen 58, extending 
therethrough. The tubular member 56 extends through 
both the distal 50 and proximal 4 8 portions of the 
catheter shaft 14 and through the balloon 26. The 
inner tubular member 56 occupies only a portion of the 
first lumen 32 thereby providing an annular region 
between the outer tubular member 16 and the inner 
tubular member 56 to allow for the conveyance of 
inflation fluid therein. In a preferred embodiment, 
the inner tubular member 56 is formed of a relatively 
flexible material such as a medium density 
polyethylene. In a preferred embodiment, the inner 
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tubular member 56 has an outer diam.^ 

an .nner diameter o. o. o t^lj:"''''' ^^^^ 
of 14 0 cm. incnes and has a length 

Located in the lumen 58 r^f . 
-mber 56 is a core wire 62 i„ J '"^"'"^ 
core Wire 62 is a verv J ^'^odiment, the 

IS a very low profile core wir^ r. 
example, in a preferred embodiment th! 
diameter less than 0.010 inches a^d "'"'^"^ " 

core wire ha« . ^"^hes, and preferably the 

re wire has a diameter of 0.006 to 0 008 innh 
core Wire 62 extends through the cathet! t 
.. the inner tubular member l!J\^l\'tt^nt'' " 
Proximally of the manifold 44 f rom T 

thereof, a distal . • P°" 66 

A aistal portion 70 of tho nr,^^ 

extends .XstaUy ctheters j.rirr " 

distal opening ,2 i^^,,, » a 

'"^^^-nt, the distal openl ,, T 
with the Imen SB of th» • °P^""9 72 coimunlcates 

core „l.e « ^rellly has""" ™- 
-d IS tapered dlst" w r ' 

core „l„'ls „ade oTt^e 3o"4\r'r"^' ""^ 

oi type 304 stainless steel. 

Located at and connected to the dl=r., 
portion 70 of the core wire S2 th./ ' 
the balloon 26 Is a tL '\ "^"""^ 
preferably foLed f a^l "^"^'^ " 

core wire 62 1!" 

« u proce";edt\ -^^^^ — 

underneath the coll sorina "««ened profile 

"axlblUty. The tlo r K ^" ' 

a radlopaje Jt r sJcTrs"!:: '"'""^^ " 

-terlals, such as stalnles s e r:.e?''°""' 
polymers .ay be used as well. The tio ^ h 
connected to the core 62 wire bv b„ " ""^ 

^^--esive, .echanicai fit or oth. " 
™e tip „e^er 76 Pro:::^ or a "letbr Tf ' 
"P .or advancing and POsitioning"he cl^rrrr" 
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intravascularly with minimal trauma to the vessel. 
Located at the distal end of the tip member 76 is a 
rounded tip 78 which may be formed of solder or other 
material in a manner known in the art. 

The tip member 70 is sized to conform closely 
in characteristics to a flexible spring tip 
incorporated on conventional fixed wire catheters to 
take advantage of the skills and familiarity already 
developed by practicing physicians with such 
conventional fixed wire type catheters. Accordingly, 
the. spring tip is constructed so that it can be bent or 
otherwise formed, e.g. in a "j" shape, to facilitate 
positioning into the desired location of the artery. 

Located in the region of the balloon 26 is a 
marker 80. The marker 80 is preferably formed of a 
small band or coil of radiopaque material such as 
platinum, gold, etc., that is bonded to the inner 
tubular member 56 directly underneath the balloon 26. 
The marker may be bonded by any conventional means, 
such as a mechanical fit, adhesives, etc. The marker 
80 is used in a conventional manner to assist the 
physician to locate and position the catheter, 
fluoroscopically. Alternatively, the marker* ma'y be 
located at other positions, such as at the distal or 
proximal balloon waist areas, or multiple markers may 
be incorporated. 

At the location at which the distal portion 
of the balloon 26 connects to the elongate shaft 14, 
there is a strain relief member 84. The strain relief 
member 84 may be a relatively short piece of polymeric 
tubing connected to the exterior of the inner tubular 
member 56 directly underneath the distal waist portion 
of the balloon 26. Thus, the balloon 26 is bonded to 
the strain relief member 84 which in turn is bonded to 
the inner tubular member 56. The strain relief member 
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64 iaciUtates the connection o£ the nexlbie dl«., 

waist Of the balloon 26 to the flexible T 

.e..e. 36 b. .e.ucl„, the bon. :r b"^ r^:!! 

a: . :: pr:rata:i?- "^^-^ 

tlexlbl/. , transition from the relatively 

bond , V° "'"'""^ ="« 

bond site. Also, the strain relief member acts like a 

funnel to facilitate loading of the core wirrintrth 

The manifold 44 incorporates a s*.,-,,^- 
- .o fix the proximal portion Tf the s^a U^^flie"""^ 
core „.re 62. When secured, the cor. wire 6^ is fixed 

wtr::^iirtrrr6ra^?t^^ 

U Will function simllerino^^ l^rn^^o^ ^^^d^l 

ea^: ^= prefe ::;:„" 

easy to manipulate device that the physician „„ 

such?o°'""' °"' "-P^"' ^-ices for 

3mi\rr" ~"onal and .no„n to those of 

may include ' =3 
may include an annular rin, having internal threads 

that engage corresponding external threads- on t^e 
man f„,, ^^^^^^^ the 

compresses a resilient gasXet in a„ axial direction 
thereby causing it to clasp the core wire proximal end 
extending therethrough. Proximal end 

provislo T °' embodiment is a 

Ld thrr transmission between the shaft 14 

and the core w.re 62. This feature is particularly 
advantageous because of the very small diameter o the 
core Wire. This feature may be provided by 
incorporation of any of the torgue transmission 
e^o iments disclosed m copending application Ser. No. 
0'/5e3,437 filed September 17, 1990, the entire 
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disclosure of which is specifically incorporated herei 
by reference. In particular, it is preferred to 
incorporate a torque transition feature into this 
embodiment by forming a portion of the core wire 62 
with an other-than-round profile in the region 
corresponding to the kink resistant member 52. 
Similarly, in the portion of the inner tubular member 
56 corresponding to this region, the profile of the 
second lumen 58 corresponds to the other-than-round 
shape of the core wire exterior profile so that torque 
can be transmitted to the distal portion of the core 
wire by rotation of the proximal end of the outer 
tubular member 16. It is preferred that the other- 
than-round external profile of the core wire 62 extend 
a distance along the -core wire to allow advancing the 
core wire tip distally of the elongate shaft while 
still providing for torque transmission from the shaft 
to the core wire for steering purposes. 

Operation and handling of the balloon 
catheter 10 would be similar to that of fixed-wire 
balloon catheters. Accordingly, the balloon catheter 
10 may be packaged with the core wire 62 already 
positioned in the shaft 14. Before use, the core wire 
62 may be fixed proximally by the securing means 88, 
When the core wire is so fixed, the balloon catheter 10 
can be positioned and used in the same or similar 
manner as fixed wire conventional balloon catheters. 
Moveover, like conventional fixed wire balloon 
catheters, the balloon catheter can possess a low 
profile. Further, when used with the torque 
transmission feature, as discussed above, the balloon 
catheter 10 can also possess handling characteristics 
similar or identical to conventional fixed wire type 
catheters . 
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the exchange o£ . tTrlt " 
' leaving . wire 1„ pia„ """'^ "Oiie 
.acuxt«.„g catheL ex hang./":: r 
be required for example when it'i T "'^ 
-noon o. a .i„eren^ si^irn ,"^^1?: ^ 
type Of intravascular catheter device Z . """«ent 
This is advantageous for .xa.,p,e the" ''/"f""'^"- 

V"-«^-'.at i, dmi"uT 
Thus the balloon catheter 10 also provide, the""" 
advantage of exchangability of over-^h^ „ 
catheters. the-wire type 

With a balloon catheter of 
type, there have i„ the past been 
to acccpush a catheter exchange while Z""""'' 
9uide Wire in position in the vascllar s , ' ' 
i= to us. a separate exchange lire an, I T °" "'^ 
to use a guide wire extension that "'^ 
proximal end of the guide wire to alW t'e e^t^ 
"e Withdrawn completely over both th ' T " 
the extension wire. „L.ve" these 

<ii££icult. For examol. Procedures can be 

ror example, use of an exch«nr,« . 
requires withdrawal of the first wiL a„"' T" 
ot the exchange wire n™ I =>">"itution 
consuming, cinnection ofT utrii"" 
also be tedious and requires hand, 

lengths of wire outside of the b . "-"erable 

Moreover, extension ^ °' Patient, 

r, extension wires may be diffici,- ■ , 

""h a very small diameter wire f „ . , '""f 

0.008 inches. Further wltl """^ """^ 

"ire, it can be difficult to "''^ 

Pushability over th^c^inVC: ."^t"^" 

- the extension wire to Perform^'-crt^hetrCa^ 
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Accordingly, with previous guide wire designs^ the 
requirement to provide for connection of an extension 
wire has to some degree limited the extent to which the 
guide wire profile could be reduced. 

In the present embodiment, the core wire 62 
has a profile that is significantly smaller than 
previous conventional guide wires. With a core wire of 
the present embodiment, it is preferred not to provide 
for a proximal guide wire extension for the purpose of 
effecting catheter exchanges. Instead, a catheter 
exchange can be accomplished by means of a guide wire 
captivation apparatus and method as described in 
application Ser. No. 07/398,765 filed August 25, 1989. 
For example, it is preferred to use a Trapper catheter 
exchange device, manufactured by SciMed Life Systems of 
Maple Grove, MN. With the use of a guide wire 
captivation device, even a core wire having a very 
small profile can be readily fixed in a vessel 
location. Accordingly, the wire size need not be 
constrained for purposes of providing for an extension 
wire. 

Referring again to Figure 1, in the present 
embodiment, using a guide wire captivation apparatus, 
the catheter shaft 16 can be withdrawn entirely from 
the artery while leaving the core wire 62 in place in 
the arterial site. A second intravascular catheter, of 
a different size for example^ can then be installed 
over the core wire 62. This provides the advantage of 
over-the-wire type catheters . Withdrawal of the core 
wire 62 through the catheter shaft 14 is of course not 
provided because the profile of the tip member 70 is 
larger than that of the distal opening 72 and second 
lumen 58. The second intravascular catheter would 
preferably be of a type adapted for use with a small 
profile core wire. 
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g.^CO^D PRESFfTTLY PREFEPPrn r-vo^^TnTTTI 
d.n. . . ^^f^rring to Figures 2 to 6, there Is 

depicted a second preferred en.bodi.ent of the present 
nven.. ^^^^ ^ ^^^^ e presen, 

for perfor..ng angioplasty and includes components 
similar or identical to those described with respect 
the above embodiment, except as noted below s!ril" 
components in this e^odiment are indicated with the 
same numerals as above. 

The embodiment shown in Fioures 2 i-h^ u . 
incorporate an, -i„„erless construction " e tl I 
tubular member 56 i, omitted in at l^l,t 

catneter s.a.t U an. a ^11 IZll IIZT " 
provides the functions of both the outer tu'ur 
and the inner tubular..„e.^er of a conventiona "oLtr 
over ,he-„ire type catheter. This e,nbodi„ent maTbe 
con tructed in the manner described in U.S. Pat.'I. 

o. 07/776,559 (Ueci October 15, 19S1, the entire 
^.Closures of which are incorporated herein by 
reference. ^ 

In this embodiment, the prox'imal portion 48 
or the tubular member 16 is preferably made of tVpe 304 
stainless steel and has an outer diameter of 0.02T 
inches and a wall thickness of.p.003. The distal 

Of 0 0,4 H an outer diLter 

Of 0 024 inches and a wall thickness of 0.025 inches 
" the proximal portion 46 is made of tubing of a 

ro": 3"::: :"T; ^-"-"^ - «ameter 
to 023 and a wall thickness of 0.002 to 0.003. If 

the distal portion 50 is made of tubing of a 

superelastic alloy, it nrpfor-^Ki u 

Of 0 018 and . f ^^^^^^^^ ^n outer diameter 
0.018 and a wall thickness of 0.001 to 0.002. 
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Referring to Figure 2, the outer tubular 
member 16 extends from the manifold 44 to attach to the 
balloon 26. In this embodiment, a sleeve member 90 is 
located around the core member 62 in the portion of the 
catheter corresponding to the location of the balloon 
26. The sleeve member 90 may be joined to the distal 
waist of the balloon 26. The sleeve member 90 
terminates proximally at a location distal of the 
manifold 44. Preferably, the sleeve member 90 
terminates proximally at a location 92 corresponding to 
the proximal balloon waist 94. The proximal end of the 
sleeve member 90 preferably is connected (e.g. by an 
adhesive) on one edge to a portion of the proximal 
balloon waist. Proximally of the location 92, the core 
wire 62 occupies the same lumen 32 that is used for 
conveyance of inflation fluid. The sleeve member 90 
defines a lumen 96 that communicates with the distal 
opening 72 and which is occupied by a portion of the 
core wire 62. The sleeve member lumen 96 has a 
sufficiently low clearance around the core wire 62 such 
that the balloon 26 can be inflated to dilation 
pressures with little or no loss of inflation fluid 
through the lumen 96 with the core wire in place'. 
Further, the sleeve member 90 provides for free core 
wire movement —both axially and rotationally — 
including when the catheter is positioned in tortuous 
arterial anatomy. In a preferred embodiment, the gap 
between the core wire 62 and the sleeve member is 
approximately 0.0001 to 0.0002 inches. (Alternatively, 
a valving device can be incorporated into the sleeve 
member 90, as disclosed in copending application Ser. 
No. 07/776,559). In this embodiment, it is required 
that the proximal portion of the core wire 62 have a 
profile that is less than or equal to the sleeve lumen 
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S6 to auov, v,ithdr.„.i ot the catheter shatt 14 over 

the core wire 62. -t-* over 



In this embodiments the marVo^ ^ w 
bonded to the sleeve 90 at a n . f "^^^ °° 
5 in the re«io„ Proximal location thereof 

^n^the region corresponding to the proximal balloon 

Referring specifically to Figures 5 and « 
there is illustrated a torque transitl!n ^ ^"'^ 
tha^ r-^r. w ^ transition member 100 

that can be used with this embodiment wii-h 
10 construction. The torque transitior ! ^"-^^ess 

respect to the first embodiment. In the p.esen:^^ 
embodiment with an innerless construction^ 

" ::::::r!r:hT" ^ ^^r:^^^' 

located i„ the lunien 32 at the distal end of the 
Proxi^l portion 46 of the tubular n.^„ IS. The 
insert 102 is fixed to the proximal portion 48 so as . 

20 co^ " ""^ 104 to allow 

adlT"" " ">erethrou,h. Xn 

06 Th"' T '"^'^"^^ ^ '■eyed aperture 

106. The Jceyed aperture 106 has a flat' side, for 

example, or any shape other than round. The core wire 

62 has an outer profile along a portion thereof 

corresponding to the position of the insert 102 so as 

and "re Wire 62 

and the insert 102 (and thereby the shaft 16, wheTth' 
^eyed region of the core wire engages the .eyel 
aperture of the insert mo « • , 
30 « . • insert 102. Axaal movement however i.. 

not ..peded. Moreover, in a preferred en*odi»ent the 
^eyed portion of the core wire 62 preferably extends 
for only a relatively short distance, e g 2 Z 
that beyond the .eyed region, the co e 62 ia a 

profile that allows relative rotation with r sp to 
the .nsert 102 and Shaft 16. Therefore, when the 
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physician requires the torque transmission feature, the 
core wire keyed region is axially aligned with the 
insert 102 so that torque can be transmitted from the 
relatively stiff proximal outer tube 48 to the core 
5 wire 62. 

III. THIRD PRESENTLY PREFERRED EMBODIMENT 

Referring to Figure 7, there is depicted a 
third preferred embodiment of the present invention. 
Like the above embodiments, this embodiment is also a 
10 balloon catheter for performing angioplasty and 

includes components similar or identical to those 
described with respect the above embodiments, except as 
noted below. Similar components in this embodiment are 
indicated with the same numerals as above. 
15 This embodiment incorporates a single- 

operator exchange construction. In this type of 
construction, the inner tubular member 56 extends 
proximally from the distal opening 72 to a proximal 
opening 114 located in a portion of the elongate shaft 
20 14 that is normally within the body of the body during 

intravascular use. In this embodiment, the proximal 
opening 114 is located at or close to the connection 
between the distal portion 50 and the proximal portion 
48 of the outer tubular member 16 and in particular, 
25 the proximal opening 114 is located through the kink 

resistant member 52 to enhance the stability of the 
catheter. In this embodiment the proximal opening 114 
is located approximately 12 cm proximally of the 
proximal end of the balloon 26. 
30 With the single-operator construction, the 

wire is located adjacent to the catheter shaft 16 
proximal of the proximal opening 16. In this 
embodiment, this portion of the catheter shaft is 
normally within the guide catheter conventionally used 
35 in coronary procedures. Accordingly, the manifold 44 
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Will not include a port through which th . 
However, instead there .ay prefera.rv h 
-d release device lis associltedtrh t^^ ''''' 
to secure and fix the portion of tT\ 
5 the catheter shaft 16. "'''^ relative to 

With a core wire of verv .?mai. 
-X be .dv„t.,.ous to 3e=„e the cc« ■ " 
catheter shaft u pro.,.,Uy cf the " " " 

114. For this purpose a „iL P"''^'"" opening 

the proximal opening ,14. „i„ " ^""^"'•1 <>' 

-cha„is„ ^22 also prevents t'istin/oTt. 

« around the catheter shaft IS i! 

embodiment i-ha xn a preferred 

t.e ^or::^^:::^:'^:::: ~ - -ams 

con,.- P«^=«^<i that the Wire 

containment mechanism 122 allow for at , 

axial movement of the core wire 62 , 
catheter shaft U so that the "ha t 1 ""^ 
"Mle leaving the core wire 62 in piace^n" th^ 
^"e. The Wire containment mechanLm {2, 
'orm Of one or more s„all wire or pMtic 7 
that extend laterally from the outs id. In T 
catheter shaft ifi ^ ^ v. ""^Side wall of the 

Close th. ! "''''^^ inalntain the core wire 62 

»eXirit-ma;rfr:t ri:::: :r"- 

Close thereto, stlu a furthe " 

s:r::dX^Vt?ano~" - 

" -~ ^^^^^^^ 



removal when the catheter shaft it withdrawn 
proxlmally. 

An advantage of the single-operator 
construction is that it facilitates catheter exchange. 
The catheter shaft 14 can be withdrawn while ..::e dis-^aJ 
end of the wire 62 is left in place in the arcf.rial 
site. A catheter exchange may be performed with the 
single-operator embodiment without the use of a 
captivation catheter. However, a captivation cathete: 
may be preferred because of the advantages associated 
with th^ use of the. captivation catheter such as wire 
tip stc;. lity and reduced bleeding back through the 
guide c.5 neter. 

IV. FOURTH PR£SENTLY,,PREFER T ; EMBOr .T'!: !jT 

Referring to Figur d, the:- s depicted a 
fourth preferred embodiment of the p: r- -jnt invention. 
Like the above embodiments,, this embc : iment is also a 
balloon catheter for performing angioplasty and 
includes components similar or identical to those 
described with respect the above embodiments, except as 
noted below. Similar components in this embodiment are 
indicated with the same numerals as above. 

Like the previous embodiment, this embodiment 
incorporates a single-operator exchange construction. 
In this embodiment, the inner tubular member 56 extends 
proximally from the distal opening 72 to the proximal 
opening 114 located in a portion of the elongate shaft 
14 that is normally within the body of the body during 
intravascular use. In this embodiment, the proximal 
opening 114 is located at or close to the connection 
between the distal portion 50 of the outer tubular 
member 16 and the proximal waist portion of the balloon 
26. In this embodiment the proximal opening 114 is 
located approximately 1 cm proximally of the proximal 
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end of the balloon 26 directly in the distal portion. 
With this construction, the proximal opening 114 may be 
located distal of the distal end of the guide catheter 
during intravascular use. 
5 In this embodiment, it may be advantageous to 

strengthen the distal portion 50 of the outer tubular 
member 16 to provide for appropriate pushability and 
tracking of the catheter. This may be provided by 
incorporation of a transition member as described in 
10 the copending application, entitled "Intravascular 

Catheter With Distal Guide Wire Lumen and Transition 
Member" filed on February 10, 1992 (Attorney Docket No. 
3570/92), the entire disclosure of which is 
incorporated herein by reference. Such a transition 
member may not be required with a catheter of such 
small profile however or may alternatively be provided 
by processing the distal portion 50 of the outer 
tubular member to enhance its stiffness distally. 
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V. FIFTH PRESENTLY PREFERRED EMBODIMENT 

Referring to Figures 9 and 10, there is 
depicted a fifth preferred embodiment "of the present 
invention. Like the above embodiments, this embodiment 
is also a balloon catheter for performing angioplasty 
and includes components similar or identical to those 
25 described with respect the above embodiments, except as 
noted below. Similar components in this embodiment are 
indicated with the same numerals as above. 

Figures 9 and 10 depict a dilation catheter 
having a single-operator construction like that of the 
30 embodiment shown in Figure 8. In the embodiment of 
Figures 9 and 10, the core wire 62 is located in a 
longitudinally extending slot 130 that is formed in and 
by the exterior surface of both the proximal portion 48 
and the distal portion 50 of the outer tubular member 
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16- In particular, the slot 130 1, , 
the proxim,! „<, .i^tal tubular " 
"-e up the outer tubular .eler TtT/: " 
Located around the shaft 1, fro^ 1 "° " 

= t= the pro«„al „lre o,.r,Jlu TsT.T""' " 

Sleeve 132 „ay be forced of a pol^ew"" ™» 

readU, slid over the shaft 1.^ T"" 
"« " 3llt 134 extending therealono 

the Slot 130. ,he sut 134 in the " 
formed to be „avy or oscillat, 

"talhln, the e^L wjr^": ,'„'°^'«"""e - 

=i«ve 132, sat 134 and slo 130 ar! ""^ ""^ 

"re wire fits snugly „i,hi„, ^"^^ " the 

easily. ^ t»e removed 

depicted a slTr T " ^s 

invention "it ,1 aT'' °^ ^-""t 

, ® embodiments ^-k- 

also a balloon catheter for n ! ^ ^'^ocliment 

-ncl includes components si.iiL 'J T"^ Angioplasty 

--ated „ith tTe'si:::::::: at;'-"--- - 

"-in, a srn^\":!:pe"a::r " ' ""-ter 

^ongltudlnalfy extn" nr:;":;" ^ 
'"aft 16 like that of th. eloH ' 

xn the e^odllent oT.tu«s^T" ' 
proximal wire opening 114 is loo!" ""^ 
«nd Of the distal tub-,. " '"^ P"xin.al 

between the di" 1 Ur'TtT " " ""^ 
tubular portion The La" " " ""^ P""'^"" 

opening 114 is similar to that o^" th' 
in Figure 7. m the .„boH embodiment shown 

the embodiment sho«, in „g„re 11, the 
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core wire 62 occupies the same lumen 32 used for 
conveyance of inflation fluid through the distal 
tubular portion 50. This allows for a further 
reduction in overall profile of the catheter by 
elimination of the inner tubular member 52 through the 
distal tubular portion 50. This embodiment may 
incorporate a sleeve 140 through the balloon portion 26 
of the catheter. The sleeve 140 may be similar to the 
sleeve 90 described with respect to the embodiment 
shown in Figures 2 through 4. 

I" t^is embodiment, a proximal guide wire 
sleeve 142 is located at the proximal wire opening 114 
and extends a short distal distally into the distal 
tubular member. The proximal wire sleeve 142 has 
15 dimensions such that kittle or no inflation fluid will 

escape through the sleeve 142 between the wire 62 and 
the sleeve 142 during inflation of the balloon 26. The 
sleeve 142 may be constructed to provide a clearance on 
the order of approximately 0.0001 to 0.0002 inches for 
20 this purpose. 

In order to ensure that the core wire is 
guided into the core wire 62 during a catheter, 
exchange, the distal portion of the sleeve -142 may be 
provided with a funnel-like shape to guide the core 
25 wire through the sleeve 142. 

The embodiment shown in Figures 11 and 12 
also includes a longitudinally extending slot 130. 
Because the core wire 62 is located in the lumen 32 
through the distal portion 50 of the tubular member 16, 
the slot 130 is formed in the exterior surface of only 
the proximal portion 48 of the outer tubular member 16. 
This embodiment may also include a sleeve around the 
shaft 14 from the manifold 44 to almost the proximal 
wire opening 114 similar to the sleeve 132 as in the 
35 embodiment shown in Figures 9 and 10. 
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=^ the p„«„t invention i„ca„.e. e„ 
Show """""ton lllce that of the en^odlLnt 

Shown .n Figures 2 through «. The embodiment rrriou 
13 provides an alternative ^ Figure 

in t.e e^odX.ent oT'^Ire^a^r "T"^ 
portion 48 is forced o two or'.o' "'^T' 

10 and 154 th«r r n «>ore sections 150. 152, 

iLnl . ^^i-^<=0Pe together so that the overall 
length of the proximal portion 48 can be chanZ f 
an X ^ length .or use during dilation nT. 
reduced length for use during exchanges. Por this' 
purpose, the proximal portion 4 8 ^.Jr. . 

15 foj-moH portion 4 8 may preferably be 

formed Of three or more sections each having a iength 
Of approximately 30 cm. The sections 150, U .Ti,. 
are preferably made from stainless steel. ^he:e the 

ITsT::: ? - ^= ^ormeron he 

inside surface of the out^T- *v 
0 i-H^ ■ outer and the outside surface of 

beco!- . " " from 

oecoming disengaged. " 

The embodiment of Fioure m=i,- w ' 

figure 13 may be used in 

the s,„, ^ conventional dilation catheter 

arise: Zt " T'"'^ ' '« 
tri!scon """" withdrawn by 

telescoping together the sections 150 i^, ... 

the proximal portion .3 as the c^th^^^h^Ift"" / ^ °' 
withdrawn so that the proximal end of the core wire 62 
can be securely grasped while the distal end of he 
core wire is left in position in the arterial site 

IIGHTH PRESFNTt.Y PHEPFP.Pn .^.^.,„^,^ 

deni.^ H '° "9ures 14-16, there is 

depicted a still another embodiment of the present 
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Invention. This embodiment is similar in some respects 
to the embodiment shown in Figures 2-4. Referring to 
Figure 14, there is a balloon catheter system 2 00 
having a catheter portion 201 and a guide wire 202. 
The catheter portion 201 includes a dilation balloon 
204 located at a distal portion 206 of an elongate 
shaft 206. A manifold 208 is located at a proximal end 
210. of the shaft 206. A strain relief 209 connects 
over the shaft 206 immediately distal of the manifold 
208. The guide wire 202 extends through the elongate 
shaft 206 of the catheter portion 201 and in particular 
the guide wire 202 occupies a position in a lumen 214 
of the shaft 206. As in the previous embodiments, the 
guide wire 202 is removable with respect to the shaft 
206 of the catheter portion 201 so that the guide wire 
202 can be maintained in position in a distal vessel 
location while the catheter portion 201 is removed and 
exchanged for another catheter. Also, like the 
previous embodiments, the guide wire 202 has a distal 
portion 216 that has a larger profile than a distal 
guide wire opening 218 of the catheter^ portion 201 so 
that removal of the catheter portion 201 from -the guide 
wire 202 for catheter exchange may be effected by 
withdrawal of the catheter portion 201 from the guide 
wire 202. Also, as in the previous embodiments, the 
guide wire 202 is provided with a proximal end 220 that 
is without a connection for coupling with a guide wire 
extension. 

As in the embodiment depicted in Figures 2-4, 
the embodiment 200 has an innerless construction, i.e., 
the lumen 214 occupied by the guide wire 202 is also 
used, at least in part, for conveyance of fluid for 
inflation of the balloon 204. Because the guide wire 
202 and the inflation fluid share a common lumen, at 
least in part, a seal should be provided to prevent or 



limit leakage of infi^i-ir^r^ ^^ 

wj. ijiiiation fluid ont- i-vi^ ^ , 

^la during i„„„,o„ of baUoon .04 ™' 

Of th. h " "9"" l". = proximal waist 2« 

of the balloon 204 Is bonded to a distal no.^ • 
=hatt 206 at a location 224. a a^T.T " 
Of the Shaft 20. IS loc ted r:si:e ZTT " 
* sealing sleeve 22. Is received 1 the dlsta"""" 

sealing sleeve 228 and the distal extension 22I of the 

sealing ^ through a lumen 234 of the 

sealing sleeve 228 and out the distal or, • 

formed by a distal end of the sealxna si ' 
nioe^ 4-1 sealing sleeve 228. a 

Close tolerance fit between the guide wire 202 and th 
sealing sleeve 228 as well as between the sealina 
Sleeve 228 and the shaft extension 226 prevent o. i- • 
any Significant leakage of inflation fi ! 

the distal opening 218 durin. ^""^ '""^^^^ 

fluiH ^ . 1 ^ Pressurization of the 

fluid for inflation of the balloon 204. " - 



It is an advantage associated with this 
e.bo 1 ,,,, ^^^^^^^^^ Of tL haft 

" slidable „xth respect to the sealing sleeve 228 
When t e balloon Is Inflated, the balloon expands 
radiaUy and tends to expand longitudinally !, „en 

cause ^"""ion tends to 

"use the proximal and distal ends, or waists, of the 

b.aoon to „ove apart. Unless the portion of the 

catheter underneath the balloon can accomodate this 

expansion, such expansion can cause stresses on th 
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proximal and distal connections or bonds at the balloon 
proximal and distal waists. With the embodiment 
described above, because the shaft 206 and sealing 
sleeve 228 can move apart when the balloon is inflated, 
stresses at the connections between the balloon and the 
shaft or between the balloon and sealing sleeve can be 
reduced. 

One or more openings 236 are located through 
the shaft extension 226 inside the balloon 204 in order 
to provide for fluid communication between the lumen 
214 and the interior of the balloon 204. These 
openings 236 allow fluid to pass from the lumen 214 to 
the interior of the balloon 204 for inflation thereof. 
These openings 236 are located in a portion of the 
15 shaft extension 226 proximal of the location of the 

proximal end of the sealing sleeve 228 inside the 
extension 206. in a preferred embodiment, 4 openings 
are provided each having a diameter of approximately 
0.008 inches. These openings 236 are spaced 1 mm apart 
axially from each other along the shaft extension 226 
and each opening is staggered 90* apart 
circumferentially from an adjacent opening. 

A marker 238 is located underneath the 
balloon 204. The marker 238 is composed of a ring of a 
25 radiopaque material such as 90% platinum and 10% 

iridium. The marker 238 is approximately 0.051 inches 
in length and 0.0015 inches in thickness. The marker 
238 is used in a conventional manner for fluoroscopic 
observation of the position of the balloon 204. In a 
preferred embodiment, the marker 238 is also used to 
transmit an axially applied force from the shaft 206 
and shaft extension 226 to the sealing sleeve 228. In 
a preferred embodiment, the marker 238 is bonded to the 
sealing sleeve 228 at location so that it forms a 
35 shoulder against which a distal end of the shaft 206 
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"n obut, as shoun l„ rig^^, „ 

'°rce is applied to the .l^„„.' ' ° P-shing 

positioning Of the cath^. "■"^^''J 
= transmitted acJos ^e JalT T"' ""^ 

-tension ... and seaUng s eve ^"a"""' 
portion Of th. catheter. This , 

--"ting the ^-istal. end of the s"a,T 
"sooiated With the balloon i. 
"ndition, as shown in rigle / 

balloon 204 win tend to T '""""on of the 

" ends Of the balloon to l::":;,::^ T"^' 

«a and the shaft extension IT/ '^«- 

other, they „iii /ZMH To" "^'"^ 'o 

When inflated, the „ar*er r^a win ZTT'"" 
adjacent the distal end of the shafr '^^^''^^X 
" -"o-h m figure 14. upon defiatio T"''"" " 
-e proximal and distal ends o te b'air^ 
tend to come together • t'alloon 204 win 

return to In^attt nTpoMit TT """"^ 
,^ end Of the shaft extension Til ^^"^^ 

to 0.0„ inches o he'seaUn:": '^^"-^"""^ 
into the distal extension J'/of T'"" ""'"^^ 
sealing sleeve 238 I'"' 
' approximately 0 13':::!"" " "^-eter of 

approximately' 0.01 inches " n\" 

th. sealing sleeve is composed o ^^"""V^"''""^"'' 
coating of PTFE (e.g. Teflo„r ''°'>"""^''e "1th a 
thereof, ^he balloln 204 is'm:dV"f'""" "^'"^ 
Polyolefin copolymer such as Surlv " 

ucn as Surlyn available from 
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DuPont or a low or medium compliance material such as a 
PET. The balloon may be provided in various diameters 
and lengths. The shaft 206 is composed of a two-piece 
construction with a proximal portion 239 composed of 
304 stainless steel and a distal portion 240 composed 
of high density polyethylene. The shaft 206 has a 
length of approximately 66.5 inches from the manifold 
208 to the proximal end of the balloon 204. The shaft 
206 has a proximal outer diameter of approximately 
0.023 inches and a distal outer diameter of 0.026 
inches with a portion in an intermediate section where 
the proximal and distal pieces overlap having an outer 
diameter of approximately 0.033 inches. The wall 
thickness of the shaft 206 is approximately 0.0025 
proximally and 0 . 003. inches distally. The distal 
extension 226 of the shaft that extends into the 
balloon is preferably formed of the same piece of 
material as the portion of the shaft 206 immediately 
proximal therefrom. Alternatively, the shaft extension 
226 may be made of a separate piece of tubing that is 
connected to the shaft 206 at or on either side of the 
proximal balloon waist. The length of the distal 
extension 226 of the shaft that extends into the 
balloon is sufficient to allow for a length for the 
inflation openings 236 as well- as another length for an 
overlapping region where the proximal portion of the 
sealing sleeve 228 is received in the distal end of the 
shaft extension 226. The length of the distal shaft 
extension 226 is thus dependent on the size of the 
balloon and accordingly will vary with different 
balloon sizes. With a typical range of balloon sizes, 
the length of the shaft distal extension 226 distal of 
the proximal balloon waist is approximately 0.47 to 
1.14 inches. The inner diameter of the shaft distal 
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extension 226 in tho ^ 4.. 

f^9"re 16, there Is depicted J^Zl. """ring to 

guide „l.e 202 espLlanv ^r ""^"^^"^t 
e»bodl.e„t Shown i„ p^u^ 14 ^ ' 

^02 includes the dlst.l portion 2if J /'* '""^ "^^ 
portion 244. In a n.., P"""" 216 and a proximal 

portion 244 o/the -"d:" proxl..i 

portion 246 and a „Le !, " ' "» 

-cated around at' L" ?;::/:rtt ""^ ^= 

™e core portion 246 is made cVa Z 

stainless steel such *S 304 sta,^, ' 

"ire Sleeve portion 2« "eel and the 

"FE (e.g. Tej:„; The n T ' « 

onto the core ..rl ^^. ^ TZT' ^''^-'^ 

-"e „ire 202 Is coated llrit LIT " 

such as Silicone in « « fraction coating 

""in, is applied to thrdraV'"^"'' ' 

region the Pro":: '; rt^TIntV'?" ' 
region of the proximal portion 244 t ^ ^.'"""^ 
le« uncoated with the silicone The u 
region „, the guide wire 202 Is ao! " 
in length. The guide wire" ,ee '^^""""'^y » inches 
located i™,ediat:i. ProxLa o rhe'dttl"' " 
Of the guide Wire 202 The . . Portion 216 

extends along a sect . ''""^ P""!"" 

Of t^e guide Wire 202 that 

"e section of the guide "noTtT': ^^^^^^^'^^^ 
t)>e sealing sleeve 228 o, '"""^ 

^'"rlng use ,„ a „ catheter portion 201 

V use. In a present embodiment i-h. 

Sleeve portion 248 extend. f„ '"""^ 

-1.11. fro?::: rtii—tv^rthe 
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guide wire 202. The guide wire sleeve portion 248 
helps Improve the fluid seal between the sealing sleeve 
228 of the catheter portion 201 and the guide wire 202. 
For this purpose, the guide wire sleeve portion 248 is 
5 preferably made of a material that forms a close and 
fluid sealing fit with the sealing sleeve 228. 

The guide wire 202 has an overall length 
greater than that of the catheter portion 201. 
Specifically, the guide wire 202 has a length such that 

10 the distal portion 216 extends distally from the distal 

end of the catheter portion and at least a portion of 
the proximal portion 244 extends proximally from the 
proximal end of the catheter portion 201. In a present 
embodiment, the guide wire 202 has a length of 

15 approximately 75 inches. As mentioned above, the 
distal portion 216 has a larger profile than the 
proximal portion 244 including the wire sleeve 248. 
The proximal portion 244 should have a profile that is 
not larger than the distal opening 218 of the catheter 

20 201 so that the shaft 206 can be withdrawn proximally 

over the guide wire 202. In a preferred embodiment, 
the proximal portion 244 of the guide wire is -not 
larger than approximately 0.011 inches. Iri a preferred 
embodiment, the proximal portion 244 does not have a 

25 uniform profile but instead includes a first section 
250 extending from the proximal end 252 for length of 
approximately 62 inches and having a diameter of 
approximately 0.010 inches, a second section 254 
immediately distal of the first section and having a 

30 length of approximately 2.00 inches that tapers down to 
approximately 0.0067 inches, a third section 256 
located immediately distal of the second section and 
having a uniform diameter of approximately 0.0067 
inches and a length of approximately 5 inches, a fourth 

35 section 258 immediately distal of the third section and 
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having a length of 

<^oun to approxi ° ^^^^^^^--tely 5 inches that tan 

"PProxLmately 0.0055 i-t,^v tapers 

°' the core J =oii"„":"' '° "^"•l 

™ in length and a d" tai?"'"""^^^ ^ - = 

"0 or the core wL. " « 

preferably ,iat,^„^ The core wire Is 

" "e portion that 1, i L,::; ""^^ 

=P"n, 2« ana core wire 2« L " ' ^l^^ "U 

^« the ,uide wire 202 T '"^'^ "«lon 

outer diameter of approximated; ToIT"' " 

245 and/or the sleeve port, , core 
cnterless ground to provide the "'^ 
tolerances. Provide the appropriate 

--ers .7o::/:e"r::::.:"r"^"'' °- « — 

the guide wire 202. These 11"' ' ^"""^^ """^o" of 
"Ctlon Of the Proxljr^rtiorr^n"^ ' 
th« would extend Proxl^u" fro"th" '""^ 
Observation of the posltlonr T "^'"^""old 208. By 
"^"ive to the .anifold 1"^" ""-^"^ ^'0 
""ermine the extent that th T' P"^""" 

Wre .0, 1. extended p:st tT?°"^°" ^ 
"theter portion 201. Also the ! the 
='«.r„i„e When the guide wl ' ^ ""^"^l" 'an 
■li^nment with the seaU„: s, ' 
^«loon can be inflated ' " " the 
fere are two barkers. 'o„e of T'""' «"*odla.nt, 
approximately 60 Inches l0"ted 
Of the guide w.r?;d~ -rtio^n 
located approximately 55 5 T . ° 1* 

""i^tal portion 2le of the °' 'he 

— . embodimen:: e'r^Cer"" a"" = 

«Jcer is approximately 0.5 
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inches in length and is applied by means of a 
biocompatible ink. 

In a preferred embodiment, the catheter 
system 200 can be used in the manner described above in 
connection with the embodiment of Figures 2-4. 
Prepping the catheter 200 is performed with the guide 
wire 202 in place in the lumen 214. When prepping the 
catheter system 200, It is preferable to Inmierse the 
balloon 204 in a 50-50 mixture of Renografin and saline 
when drawing a negative pressure to prevent pulling any 
air into the distal end of the catheter 201 due to any 
slight leakage. The guide wire 202 is releasabiy fixed 
against relative movement with respect to the catheter 
portion 201 so that the catheter system 200 can be 
handled and positioned like a conventional fixed wire 
balloon catheter. m the event that a catheter 
exchange is desired, the embodiment provides the 
advantage unavailable in fixed wire catheters that the 
guide wire can be left in position intravascularly 
while the catheter portion 201 is withdrawn and 
replaced with another catheter over the same guide wire 
202. The second catheter may be any type of catheter 
compatible with the guide wire 202. The second 
catheter should be of the type- that receives a 
conventional guide wire in a guide wire lumen. In a 
preferred embodiment, the second catheter is not 
necessarily a catheter similar to the catheter portion 
201. 
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CATHETER WITH MANIFOL D ASSEMBLY EMBODIMENT 
According to a further embodiment of the 
present invention, there is provided a manifold for a 
catheter and in particular a manifold for the catheter 
depicted in Figures 14 - 15 in which a guide wire port 
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is adapted to automaticallv h«^.u 

provide a fluid seal a'! . " ^"'^^ -"^1 

3 disconnection of an inflation device. 

1.... . mentioned above, the manifold 208 is 

located at the proximal end of the ballo. 
^00. The manifold 208 P-vides for ^ Xn^t^^ 
"ire 202 and for connecHn- . "ceiving the gm<je 

"uid the purpose o"infrr» " 

,u..e „.re port ^Oa .n. „ i„„.,,,^;°^V,02 " ' 

" -^^oxd 2^::::"," ^-^'^^^^^^'^^^^^'^^^^^^^ 

to an aspect of th.! 1 '"""ions. According 

=iiecc Oi. this enbodlnent, the 
201 may be fixed with catheter portion 

c.i-h./ 9°"* "i" 202 =o that 

catheter portion 201 and guide wire 202 t 

mtravascularly together in . * advanced 

=0 nxed-„lre banoon'cathete" '° ' 

-nlfold 20B provides for fixm: the -T"""' 
with resoect to ,k ^ "i" 202 

respect to the catheter portion 201 m.' . 

mentioned above, the catheter portion "oi ..J " 

Withdrawn from the guide wire 202 1 

2= .nanlfold 208 also providel for ™"^'°«' "e 

■auide Wire 202. J "-""-"i^'y of the 

--nation fi„ir::; :tr„\^:::":/rt:" 
'0 through :he^ii"„::f — 

-ree features are provL": It ^ r^;, 
manifold dlsrir.e*»^ w . '*'"«Araent of the 

iwaa aisclosed herein as follows 

exploded vL'wToTtV" " 

ed views of the n>anlfold 208. The nanlfold 208 
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Includes a manifold body 310 with a main body portion 
312 and an inflation port base portion 316 that extends 
at 90** from the main body portion 312. The manifold 
body 310 has a main bore 314 extends through the main 
body 312. The inflation port base portion 316 also has 
an inflation bore 318 extending therethrough that 
communicates between the inflation port 302 and the 
main bore 314. The manifold body 310 and inflation 
port base portion 316 may be made of a hard plastic 
material such as polycarbonate. 

Located in the main bore 314 directly at the 
location at which the inflation bore 318 communicates 
therewith is a manifold body insert 322. The manifold 
body insert 322 has a generally cylindrical outer shape 
and is sized to fully: occupy a recess 323 in the main 
body 312 in this region. The manifold body insert 322 
has an insert bore 324 extending therethrough having a 
size at least large enough to accommodate the guide 
wire 202. The insert bore 324 is tapered so that it is 
larger distally than at its proximal end for reasons 
explained below. The manifold body in^sert 322 includes 
an annular recess 328 that extends completely around 
the exterior circumference approximately mi'dway along 
its length. A manifold insert inflation bore 330 
extends from the recess 328 to the insert bore 324. in 
a preferred embodiment^ the manifold body insert 322 is 
made of a relatively hard plastic material such as 
polycarbonate. 

Immediately proximal of the location in the 
main bore 314 occupied by the manifold body insert 322, 
the main bore 314 increases in size forming a shoulder 
332. Located in this section of the main bore 314 is a 
compression seal 336. The compression seal 336 is 
located directly adjacent the shoulder 332. The 
compression seal 336 is formed of a soft sealable. 
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elastic material, such as Kraton availablo * 
cnemical. The compression seal 33TLci' e ''''' 
bore 338 therethrough. The si.e o the 3': ,^ T'''' 
338 through the compression seal 33, T °" 

-pending on the compressi^l^eTa p^LTtTtt 
compression seal 3 7*: «k yt'^^ea to the 

on seal 336. When not under compression 
3e.U„g bore 338 through th. compr«,lo„ se" 
O^aneter of approximately 0.020 inches. ' 
Immecliately proximal of the loc«n«, • 

=.U„.rIcal o.er =hape. ^coUe't" at'lr'e'::;""^ 

-3 at" r: tit ^^"^ 

collet seat bore 34V1S small f °' '"^ 

proximal or ^rz:::^':^--^^- 

the collet seat bore distal *.nrt ' 
1-0 i-K aistal end 346 conforms generallv 

to tbe unstressed diameter of the sealing bore 333 

mld.r" °' «-eter a t^e 

middle portion 348 Is sufficient f« . 

--j^^^^ in a prefe:rero::r:t: ::Lt 
sue" ar.::ar ri:: r 

n IS available from General Electric 
immediately proximal of the collet seat 
and occupying a position partially In th. • 
is a collet assembly 352 l„ ! 

conet assembly 3=2^Is":;mp:i^e?oT:":olt:":y"33r 
rtlT'' -«r: 3S8 Is'" 

356 andV " ""et body 

ass^ry^T.^"::etner"'""^ " 

bore 3J .\ "sembly 352 has a collet 

352 in" T ' The collet assembly 

352 includes a handle portion 364, a threaded portion 
366, and a vise portion 368. The handle portion 3 I is 
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defined by an exterior surface of a large diameter 
proximal portion of the collet assembly 352. When 
assembled, the handle portion 364 extends proximal of 
the proximal end of the manifold body 310. The 
5 threaded intermediate portion 366 is located 

immediately distal of the handle portion 364. The 
threaded intermediate portion 366 is adapted to 
threadably engage corresponding threads 370 on a 
proximal portion of the main bore 314 of the manifold 
10 body 310. The vise portion 368 is immediately distal 

of the threaded portion 366. The vise portion 368 
includes an elongate cylindrical portion 372 and a 
tapered distal portion 374. The tapered distal portion 
374 of the vise portion 368 is adapted to conform to 
15 the tapered proximal .portion 344 of the collet seat 
bore 342. The vise portion 368 is comprised of at 
least two leaves 378 and 380 separated by a 
longitudinal slit 382 with the collet bore 262 
extending through the leaves 378 and 380. In a 
20 preferred embodiment, the collet body 356 and the 

collet insert 358 are made of a relatively hard plastic 
material such as Ultem which is available from General 
Electric Co. 

When assembled, the vise portion 368 and 
25 threaded portion 366 of the collet assembly 352 extend 

into the recess 370 of the manifold body 310. The 
tapered distal portion 374 of the collet assembly is 
located directly adjacent the proximal tapered portion 
344 of the collet seat bore 342. The compression seal 
30 336 is located between the collet seat 340 and the 

shoulder 332 of the manifold body 310. The manifold 
body insert 322 is located in a portion of the main 
bore 314 so that the inflation port passageway 318 is 
aligned with recess 328 in the insert 322. The collet 
35 assembly 352 is rotatably attached to the manifold main 
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body 310 with mat«ble threads 366 and 370 so that th. 
collat asse^ly 352 can .e advanced Into and retlcted 
cut ot the .anlfold tody 310 ty rotatln, the coUet 
«se^ly 352 relative to the manifold body 310 by .ean 
or the handle portion 364. Th. collet asse^ly 352 1. 
prevented from being completely withdrawn from the 
manifold body by a stop 384 on the edge of th^ collet 
assembly 352. This stinr, i«j collet 
and 5 01 H . ^""^ ^'"^ ="«P '^i'-s 500 

"d 501 during assembly and the snap rib, prevent 

disasse^ly wnen the collet handle 364 is turned 
counterciocltwlse. 

tho 9uld. wire 202 into 

the catheter portion 201, the guide wire 202, is 
backload«, into the catheter portion 201, i.e the 
proxi a, end of the guide wire 202 is slid through the 
■distal opening 218 of the catheter portion 201. The 
guide Wire 202 is then advanced baclc through the 
catheter portion 201. When the proximal end of the 

the m°a"''! " """""^ " ««lved in 

the main bore 314 passing into the Inflation port bas" 
portion 316. The proximal end of the guide wL 202 is 
then received in the insert bore 324. The tapered 

pro" : aM!" .""e" re 

bore 338 T e T ""'""^ ^" "-""9 

bore 3,4 ., ln«rt 
bore 324 also provides a larger annular region around 

fluid 1 ""^ '"^ ln""ion 

tiro \ . ^ proximally 
through the sealing bore 338 of the compression seal 
336 and into the distal side 346 of the collet seat 
3«). AS mentioned above, th. collet seat bore 342 is 
tapered so that its proximal and distal ends are larger 

t^e^coft'" ™' ""^^ — " 

Of the collet seat bor. 342 facilitates receiving the 
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. guide wire 202 from the compression seal 336. Because 
the sealing bore 338 is variable in size, the tapered 
distal portion 346 of the collet seal bore 342 
facilitates receiving the guide wire from the 
5 compression seal 336 even if it is not exactly aligned 

centrally. The guide wire next exits the collet seat 
340 and enters the collet bore 362 in the collet ' 
assembly 352. The guide wire extends through the 
collet assembly 352 and out the proximal end of the 
10 manifold 208. When the guide wire is fully positioned 

proximally in the- catheter portion 201 approximately 10 
inches of the proximal end of the guide wire extends 
proximally out of the manifold 208. 

When the catheter system 200 is being 
15 positioned, the guide. wire 202 and the catheter portion 
201 may be advanced together, like a fixed wire 
catheter, or alternatively, the guide wire 202 may be 
advanced somewhat ahead of the catheter portion 201. 
When it is desired to fix the position of the guide 
20 wire 202 with respect to the catheter portion 201, the 

collet assembly 352 is rotated clockwise relative to 
the manifold body 310 thereby advancing the collet 
assembly into the manifold body 310. This- forces the 
distal end of the collet assembly into the collet seat 
25 340 and the compression seal 336. The compression seal 

is compressed between the collet seat 340 and the 
shoulder 332 of the manifold body 310 causing the 
compression bore size to be reduced. With a sufficient 
amount of pressure applied from the collet assembly 
30 352, the compression seal 336 closes down on the guide 

wire forming an fluid tight seal around the guide wire 
thereby preventing inflation fluid from leaking out the 
guide wire port 300. 

Advancement of the collet assembly 352 also 
35 automatically grips the guide wire 202 in order to fix 
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the position of the guide wire with respect to the 
manifold 208 (end therefore elso the catheter portlo 
^ I) so that the guide wire =0. and cathete: po«i „" 
201 c ,e handled U.e a conventional fixed-wire 
catheter. As mentioned above, rotation of the collet 

"ITT '"^""^ r 

into the manifold body 310 forcing the distal vise 
portion 368 of the collet assembly 352 i„t„ ! 
proximal portion 3,, of the collet slToXlZr 
the vise portion 368 of the collet assembly has a 
tapered distal tip 3„, moving the collet assembly 

into tnl 'T."" ^"'"^ '"^ 374 

Xnto the collet seat bore proximal tapered end 344 

» f" : Z "r/"'" o'.-ansf erring the axial f^ ^ 

their/ """^'^ ^""^ 380 

thereby forcing then, together. Because the guide wire 

occupies an position 1„ the bore 362 between the liases 

Ida 1 : '"^ « """ng the 

guide wire inside the vise portion 368. 

In this manner, the guide wire 202 can be 
"cured in the manifold 208 against axial or rotational 
movement with respect to the catheter i,ortion 201. 
moreover, rotation of the handle portion 364-also 
automatically compresses the seal 336, as explained 
•bove, so that the guide wire 202 can be secured both 
"..chanlcally and fluldly m the guide wire port 300 

Alternatively, if the physician prefers, it 

advancing the guide wire 202 Independently of the 

TollTr''^" - the catheter 

portion in this manner, the handle 364 is rotated 

countercloclcwise slightly so that the vise portion 368 

no longer secures the guide wire 202 against relative 
move„ , ^^^^^^^^ 

« the Physician can move the guide wire 202 further In 
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advance of the distal end of the catheter portion or 
rotate the guide wire independently of the catheter 
portion as needed. When it is desired to fix the guide 
wire position again^ this is readily accomplished by 
adjustment of the collet assembly handle 364 • 

The guide wire port 300 on a catheter 
manifold 208 that provides for automatic fluid sealing 
around the guide wire and mechanical fixation has 
particular utility with respect to the embodiment of 
the catheter system 200 discussed above because the 
guide wire 201 occupies the same lumen 214 used for 
inflation fluid. It can be appreciated that the 
automatic fluid sealing and mechanical fixation. guide 
wire port 300 could also be used on other types of 
catheters. For example, the embodiment of the guide 
wire port described above could also be used on an 
over-the-wire type catheter in which the guide wire 
occupies a position in a lumen separate from the lumen 
used for inflation fluid. With such catheters, a fluid 
seal should be maintained to prevent blood from exiting 
back through the guide wire lumen. Also, with the 
over-the-wire type catheter, it may be preferable to 
mechanically fix the guide wire and catheter to prevent 
relative movement therebetween. The automatic guide 
wire port described above could be readily used for 
such a catheter arrangement. 

B. Automatic Sealing of Fluid Port 

With respect to the inflation port 302, the 
manifold 208 provides for several functions. As 
mentioned above, according to a feature of this 
embodiment, the catheter portion 201 may be fixed with 
the guide wire 202 so that catheter portion 201 and 
guide wire 202 can be advanced intravascularly together 
similar to a fixed-wire balloon catheter and for this 



purpose, the n,.„i,cld 208, provides for flw„<, 
"^re with respect to the «theter nl ' ^ 
ot the procedure, the c«het.r ht TrZl Zl ' 
so that It would be preferred to prevent Iir '"^^"^ 
5 entering the inflation lumen. According 

Physicians leave a svrln„. "^^^dingly, some 

to the inflation Porto^re^e t i'r":" 

inflation lumen. This J„ t. t ^"^ 

handling of the callter ™)=e 

in catheter more difficuii- e*. 

" arrangements are sometimes employed th " 

cumbersome as welir P^°yed, but these can be 

provides foTau™:ai\°: ^enlVt"""' 
3oa When a source of Infla^ioTf ^^riVata"::: 
-5 automatically seaU„g..th. inflation p «"h n thV 
source of Inflation fluid is dl.,.„ 
the advantage that the physician ca '"- 
the syringe or Inflation deCice durino" J' 
the catheter without the concern that a!" '"' °' 

2° Inflation passage. ""'i' the 

Referring to Figures 17-21 a ^^f. 
is received into a recess 402 defiLl l "° 
the inflation port base portion 3 el th" °' 

^ocy 310. A cap .OS is connected to the r„::a""°" 
25 base portion « inflation port 

t'ortion 316 m a manner that provides / 

rotational movement. Specif icallv tH "'''^^ 

includes shirts 410 and 412 ThesI . 

Will abut a ston 41. ? ^^"""^^ ^"^ 412 

aout a stop 414 located on the infia^- 

portion 316 thereby limiting rotational m 
30 cap 408 with respect t= movement of the 

to approJmaTei" To' \TITT 

" .-t::'-;." — — ..... 
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316 to provide a fluid tight seal between these two 
components even during relative rotation. The 0-ring 
may be omitted if a fluid tight seal can be otherwise 
provided. 

The cap 408 includes a top portion having a 
conventional male Luer fitting 420 to receive a syringe 
422 (shown in Figure 19), inflation device or other 
apparatus having a conventional male Luer fitting. The 
cap 408 includes a receiving bore 424 communicating 
with the Luer fitting. An inner bore 426 extends 
laterally through an inner wall 428 of the cap 408. 
The inner wall 428 and an outer wall 430 define a 
cylindrical recess 432 between them in which the rotary 
seal 400 and the wall 404 of the inflation port base 
portion 316 are located. Located in the outer wall 430 
of the cap 408 is an outer bore 434. The outer bore 434 
is in alignment with the inner bore 426. 

As mentioned above, the rotary seal 400 is 
located in the recess 402 defined by the wall 404 of 
the inflation port base portion 316. The rotary seal 
4 00 is generally cylindrical in shape as is the wall 
4 04 of the inflation port base portion that defines the 
recess 4 02 so that these two pieces fit into the recess 
4 32 in the cap 4 08. The rotary seal 4 00 is shaped such 
that it is fixed against relative rotation with respect 
to the inflation port base portion 316. The rotary 
seal 400 includes a venting bore 436 and an inflation 
bore 438. The venting bore 436 and inflation bore 438 
are approximately 90** apart. The venting bore 436 
extends from an inside of the rotary seal 400 partially 
through the rotary seal wall. The inflation bore 4 38 
extends from the inside of the rotary seal wall all the 
way through the seal wall and also extends downward to 
a bottom side 440 of the rotary seal 400. The 
inflation port base portion 316 has a venting bore 442 



that extends through the wall 404 When 

base portion 316 to provid. f Inflation port 

ther..-), . provide lor communication 

therethrough. However, at the location of the 
inflation bore 438 of the rotary seal 400 th! „ 
Of the inflation port base bodr316 is soi^r T 
i' no hole through it. Therefore at the , 
the inflation bore 433 of the rotlry seal tl" i 
pathway for the inflation fluid is do" t^ th. " 
edge 440 of the rotary seal 4on , 

the inflation port ba« 3U is T"'' ' 

K oase J16 is the lower bore -^ifi ^.w^^ 

~Tth?:iTbr^^^^ - " - 
- air::eV:: s":„ri?c: n?: r 

436 of ^^4. J-yuire ^i, the venting bore 

the ^-ting bore 442 i' 

the inflation port base portion wall 404 are in 

tt"cr:or"2:ver:n"V""-.^«" - - - 

and 430 P^event™ r^^^^^^^ 
bore 424 nf i-h^ oecween the receiving 

re 424 of the cap and the main bore 314 in Jw, 
position, the inflation device 422 and\h 

portion Of the .manifold may be nted to r^""'" 
air HMf. 1 venrea to remove any 

-r, but the lumen 214 of the catheter shaft is seLed 

When the cap 408 and the inflation port bas. 
31 are aligned as shown in Figure 19 or 2o" tL 

alignment with the inner bore 426 of the can k 
since the wall 404 of tho • ^' "^^^^er, 

direct 1 inflation port base is 

directly next to the inflation bore 438 of rho . 

Thus, fluid communication is provided 
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between the receiving bore 424 and main bore 314 via 
the inner bore 426 of the cap, the inflation bore 438 
of the rotary seal, the lower bore 318 of the inflation 
port base, and the annular recess 328 and the inflation 
bore of the insert 322. In this position, the source 
of inflation fluid 422 is in communication with the 
main bore 314 and the catheter lumen 214 and therefore, 
the balloon 204 can be inflated. 

The cap 408 and the inflation port base 316 
are connected in a manner so that relatively little 
force is required to rotate the cap 408 relative to the 
inflation port base 316. Specifically, relatively less 
force is required to move the cap 408 relative to the 
manifold body 316 than is required to tighten a syringe 
or inflation device 422 onto the Luer fitting 420 of 
the cap. Accordingly, when a syringe or inflation 
device is positioned onto the female Luer fitting 420 
on the cap and the syringe or device is rotated 
clockwise relative to the manifold body 316, the cap 
4 08 will be made to rotate first thereby moving the cap 
4 08 from the venting position (Figure 21) to the 
inflating position (Figure 19). Then, after the cap is 
rotated into the inflating position, the slcirt 410 
abuts the stop 414 preventing further rotation of the 
cap relative to the manifold body 310. Further 
rotation applied to the syringe or inflation device 422 
will cause relative rotation between the syringe and 
the cap 4 08 thereby tightening the Luer fitting to form 
a fluid tight seal between the syringe and the manifold 
208. 

Disconnection of the syringe follows in the 
reverse order. When the syringe 422 is rotated 
counterclockwise to disconnect it from the manifold 
316, the rotational force applied to the syringe will 
first move the cap 408 from the inflation position to 
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the venting position. When the cap 408 i. ■ 
venting position f,,^^^ ^ 

y position, further counterclockwise f« 
applied to it causes the skirt 412 to L ! 
thereby preventing further rllatll 
-e cap and inflation port ^a e ^uTtT ".^ 
applied to the syringe 422 wiU then T 
rotation between the syring^ and th "'^''^^ 
the Luer lock m thJ ^ ^° disconnect 

inflation device can be ^^^^"^^ ^ ^^^^er 

the manifold 2oa ad. Z'^^''' ^ 
passage can be autom.. ""^ ^^'^ inflation 

n be automatically opened and then sealed 
The automatic inflation port sealing / 
described above has particular utility whe' ' . 
the catheter 200. This is because it " ^''^ 

J«eep air out i-k " • ''^^'^"se at is important to 

Wire and inflation fluid t*- v 
t.e .„=„«i= inflation ^„"eaI „^T"'"" 
=1" be used on other types ot «thet. 
-en those th.t do not u« ^uL" '/"^^"^'"^ 
it may be useful i-o v, example, 

P-t I , cathe er use?/" '""""'^ 

n,Art^ . ^^"^ter used for infusion of dyes or 

medicines so that the syringe with th/n 

fluids can be readily dL. °' 'nedicine 

ta.en off withou blood T ^^^^"^^ 

manifold port . ^ "^^""^^ 

description'be'^e^tdl'as'lu": """"^ 
iimiting and that 1^ ^^^"^^rative rather than 

Claims rnclli^Ta ::ui~°" "^^^^^ 
scope Of th! inventio: " ''^""^^ ^° 
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WE CLAIM: 

1. A balloon catheter for use with a guide 
wire, said balloon catheter comprising: 
an inflatable balloon; 

an elongate shaft having a proximal portion 
and a distal portion, said inflatable balloon located 
at said distal portion and said elongate shaft having 
an inflation lumen for conveying fluid for inflation of 
said balloon; 

a shaft extension located inside said balloon 
and extending from a proximal end of said balloon, said 
shaft extension having an opening therethrough 
communicating with the inflation lumen; and 

a sealing sleeve located inside said balloon 
and extending from a distal end of said balloon, said 
sealing sleeve and said shaft extension fitting 
together one inside the other in a slidable, fluid- 
sealing relationship with each other. 

2. The balloon catheter of Claim 1 in which 
said shaft extension is formed of a distal portion of 
said elongate shaft. 

3. The balloon catheter of Claim 1 further 
comprising: 

a guide wire lumen extending through said 
elongate shaft/ said guide wire lumen adapted to 
receive a guide wire. 

4. The balloon catheter of Claim 3 in which 
said inflation lumen is also adapted to receive the 
guide wire. 

5. The balloon catheter of Claim 1 in which 
said sealing sleeve defines a guide lumen therethrough. 
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6. The balloon catheter of Claim t • . 
said sealing sleeve is received Inside a dL. T ' 
said Shaft extension. '^^^^ ^"'^ °f 

7. The balloon catheter of claim w \v 

5 comprising; ciaim 1 further 

exfnslon to said sealing sleeve. " 

10 o " 

8- The balloon catheter of cl.in, 1 ■ ^ 
said sealing sleeve define, a guide wire i" e„ ' 
therethrough forcing a fluid sealing fit Ih 
to a guide Wire received therein. ' 

" comprising!' °' ^ '""her 

st: ::j„r- - - 

a distal portion having a orofli^ « . 
- „ire openlng^f m^fr" 

iO.. The balloon catheter of claim i f^, 
comprising: ^-taim 1 further 

a guide wire comprising: 

25 . * polymer jacket forming an exterior . . 

^5 of said guide wire ai- . -i , exterior surface 

- correspond::: t" t\:^\"tg\\-r:: laT 
:::::::: ::::nr:s?""' - ~- " - 



11, 



A manifold for a catheter comprising: 
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a manifold body having a manifold bore 
extending therethrough in communication with a lumen of 
the catheter, 

a port on the manifold communicating with the 
manifold bore, said port sized and adapted to allow a 
guide wire to extend from a position outside the 
catheter, through said port, into the manifold bore, 
and into the catheter lumen; 

a fluid seal in said port adapted to provide 
a fluid tight seal around a guide wire extending 
through said port to limit the passage of fluid around 
the guide wire between the manifold bore and a position 
outside the catheter; 

a gripping apparatus adapted to restrict 
relative movement between said manifold body and a 
guide wire in said port; and 

an actuator located at said port and adapted 
to operate said fluid seal and said gripping apparatus. 

12. The manifold of Claim 11 in which 
actuation of said actuator is adapted to operate one of 
said fluid seal and said gripping apparatus and 
continued actuation of said actuator is adapted to 
operate the other of said fluid seal and said gripping 
apparatus • 

13. The manifold of Claim 11 in which said 
actuator is further adapted to operate said fluid seal 
and said gripping apparatus to open said fluid seal and 
to release said gripping apparatus. 

14. The manifold of Claim 11 in which said 
fluid seal comprises a compression seal located around 
said manifold bore and adapted to seal down around a 
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guide wire located in said hn^« 

force fron. .^^h ^PPli^ation of 

lorce trom saad actuator 



15. The manifold of ciftim ^1 , 
9r.ppi„, device c«pru.3 , ccXaet 11" ""f 
the.et.roug>, for receiving a guL. wire "!/ " 
-to t.e .,„«oa. .ore an! a c^XIeV rr.tL^t'a^ 
bore t.erethroug. ^or receiving the guide wire 
collet adapted to be received into said collet s.aT 
■ upon application of force fro. said actuator 

16. The manifold of Claim 14 In which s.trt 
.ripping device comprleee a collet defining 'Lr: 
therethrough for receiving a guide wire that extends 
into the manifold bore 'and a collet seat definlnga 
bore therethrough for receiving the guide ^r^ s.L 
collet adapted to be received into said coUet seat 
"Pon application of force fro„ said actuator said 
collet and said collet seat adjacent of said 
compression seal. 

17. The manifold of Claim iT: w ^ 

rnn^^ ^-Laim 15 xn which said 

^«..cid b::; ^:rTtc^:-^ :::: 

comp i„„ ^^^^^^^^^^ application 

force from said actuator. 

catheter bin " 

"Uid for inflation of an Inflatable balloon. 
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20. A method of operating a manifold on a 
catheter comprising the steps of: 

providing a catheter having the manifold of 
Claim 11; and 

rotating the actuator to grip the a guide 
wire received in said port and by the same act of 
rotation provide a fluid seal around said guide wire. 

21. A manifold for a catheter comprising: 
a manifold body having a manifold bore 

extending therethrough in communication with a lumen of 
the catheter, 

a port on the manifold communicating with the 
manifold bore, said port sized and adapted to connect 
in a fluid tight sealing manner to a source of fluid 
for delivery of the fluid into the manifold bore and 
into the lumen of the catheter; and 

a closure in said port operable to close said 
port to isolate the manifold bore from the ambient in 
the absence of a connection to said port, said closure 
operable 

a* to open and provide communication between 
said port and the manifold bore upon connection of 
the source of fluid to the port; and 

b. to close and isolate said port from the 
manifold bore upon disconnection of the source of 
fluid to the port. 

22. The manifold of Claim 21 further 
comprising: 

a cap connected to said manifold body in a 
manner that permits relative movement between said cap 
and said manifold between first and second positions. 
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23. The manifold of claim ?o • 
cap XS «apted to „ceiv. au.. ^ sL" 
cap having , witTaaL 
in the nrs. position, sail bore iVs iV'"^'°" 
a"9ned with said „a„lfoid bore when sa . ' 
"co„d position ..iative to sardtniLM " 

co™p.sin/a\ent^r:ors::d^ri:! r^- 

comunicating with anient ^-id " ' " 

co«.unicating with said v: •t;:rbo:r::e:'sa":" 

in said second position. ^ ''''P 

25. The manifold of claim -j-y ■ 
cap is adapted to connect to said so 
to tor. a „„id tight seal Wit" tKe s " 
aaid connecting i„ a .anner :ractuatio":" 

Which said cap adapted to be hoved , 
P-ltions to another of said II I 

Of actuation. Positions by said manner 

26- The manifold of Cl«i» ■ 
cap is moved from one „, ! ^" 

positions in" rtpole": a™:,tfL-« " 
actuation than needed to form said fiuiTC set"" 

cap is ada^t'^d tTcorcTtVLr" " " ""^^ 
rotating said source of fiuid " tV""" 
in a first rotational directiorand t " 
tight seal with th. . "ction and to form a fluid 
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cap relative to said manifold body in said first 
rotational direction. 

28. The manifold of Claim 26 in which said 
cap is adapted to disconnect from said source of fluid 
by rotating said source of fluid with respect to said 
cap in an opposite rotational direction and to release 
from the fluid tight seal with the source of fluid by 
rotating said source of fluid off of said cap, and 
further in which said cap adapted to be moved from the 
other of said positions to the one of said positions by 
rotating said cap relative to said manifold body to 
release said source of fluid. 

29. The manifold of Claim 21 in which said 
catheter is a balloon catheter. 



^5 30. A method of operating a manifold on a 

catheter comprising the steps of: 

providing a catheter having the manifold of 
Claim 22; and 

engaging said cap with a source of fluid; 
20 rotating said cap with respect to .said 

manifold body to open said closure; and 

rotating said source of fluid with respect to 
said cap to seal said source of fluid with respect to 
said manifold body. 

25 31. A balloon catheter comprising: 

an elongate shaft having an inflation lumen 
extending therethrough, said elongate shaft having a 
distal portion adapted for positioning intravascularly 
and a proximal portion adapted to extend outside of the 

30 body of a patient during use; 
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With said lumen; ^ conununicating 

a small profile core wire evfor,^- 
5 at least said dilation h,i, extending through 

. aviation balloon and having a distal 
portion that extends distally thereof from a distal 

::::.:riV:hth"^arr -'''-''^ - - 

" elcnj.te shaft and said balloon whiie 
wire positioned Intravascula.i;, and 

a tip member connected to thp r-r.^^ ■ 
region thereof distal o. the locatlo at rcrs" d" ' 
core „1„ extends distally o( the cere wire ol„^ 
" said tip „e^er havlng a prcrue la.,er han sal" " 
opening, and further In „hich said o!re wire ha" 

^» comprising"' °' 31 further 

said ball„" extending through 

:=::ioTniTcor:::! inrn":^- "-■-^^^^ ^ 

^uhular „e.er ter^lna^: d\l::ir:t" stT.o 
25 wire opening. Qistal core 

Which sain''* °^ 32 in 

34. The balloon catheter of claim 32 in 
".ich said tubular „e^.r extends proxLaUy the 
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distal core wire opening within said elongate shaft to 
a proximal core wire opening located at a portion of 
said elongate shaft normally within the body during 
intravascular use. 

5 35. The balloon catheter of Claim 32 in 

which said elongate shaft further comprises: 

a proximal relatively rigid portion; and 
a distal relatively flexible portion 
connected at a proximal end to a distal end of said 
10 proximal rigid portion and connected at a distal end to 
said balloon. 

36. The balloon catheter of Claim 35 in 
which a proximal core, wire opening is located close to 
the connection of said proximal and distal portions of 

15 said elongate shaft. 

37. The balloon catheter of Claim 35 in 
which a proximal core wire opening is located close to 
the connection of said distal portion of said elongate 
shaft to said balloon. 

^0 38. The balloon catheter of Claim 35 further 

comprising: 

an inner tubular member extending through 
said balloon and defining a second lumen occupied by a 
portion of said core wire. 

5 39. The balloon catheter of Claim 31 in 

which at least a portion of said elongate shaft is 
formed of a superelastic tubing. 
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s^wie wire IS located at lo^c^ 
co^prlsm,!'' " "-i" further 

banco" I'lrT" '"""^x 

-ner tu.uxa. „e^e. e^H;. "; rXt""" 

core „l„ opening through said balSn . J " 

•t a location distal „f """oon and terminates 

o^ said elongate sha\t n'f " "-^ 
"ire is located in t. . " 

bet::e„ tl pr«w":"°" ^^-^"e 
--lar „e^er an/^Tlilr " 

«. An intravascular catheter comprising. 
»n elongate shaft having a distal 1.^ 

adapted for nnci*.*^^- . "J-staj. portion 

lor positioning intravascularlv anrt = 

s-^. .or.. a .pe'r.:::!: ::::::: n-" 

-43. The intravascular r^i-vi^^- 

strctTr-- --v-ited-o^r - 

•^Afli selected from a group consi<:Hr.« * 
and Tinel. consisting of: nitinol 

in Which si eL^aTs^mtj-"""" °' " 
said mtravascular'catheter " °' 
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45. The intravascular catheter of Claim 42 in 
which said intravascular implement is an inflatable 
dilation balloon. 

46. The intravascular catheter of Claim 42 
in which said elongate shaft further comprises: 

a proximal relatively rigid portion; and 
a distal relatively flexible portion 
connected at a proximal end to a distal end of said 
proximal rigid portion and connected at a distal end to 
said implement. 

47. The intravascular catheter of Claim 46 
in which said proximal portion is formed of the 
superelastic tubing. , 

48. A method of performing a balloon 
angioplasty procedure comprising the steps of: 

providing a low profile balloon catheter, 
said low profile balloon catheter having an elongate 
shaft with an inflation lumen extending therethrough, 
said elongate shaft having a distal portion adapted for 
positioning intravascularly and a proximal portion 
adapted to extend outside of the body of a patient 
during use; 

a dilation balloon connected to and located 
at the distal portion of said shaft and communicating 
with said lumen; 

a small profile core wire extending through 
at least said dilation balloon and having a distal 
portion that extends distally thereof from a distal 
core wire opening located distally of said balloon, and 
further in which said core wire is movable relative to 
said elongate shaft to allow withdrawal of said 



elongate shaft and said h^n 

tip member having « Lfn , " "Pening, 

openlns, 

adv,„cl„g .aid low profile balloon 
intravascularly i„ a person's body, and 

person's bod. witboul :oidi„V::.:To" ^" 
portion o£ the core wire th.» ! Proximal 
person's body. '"'""^ ^"^ °" of the 

" co^prisin/t'e Z^lT " " 

stenosed ZTsTsul T .t a 

e=».l Site by inflating the dilatlbn balloon. 

".prisingM stp^o""^ " " 

second .ntrrs"!" ::^"""" » 

51. The method of clain. 48 further 
comprising the steps of "rther 

securing a distal portion of 
-Ithin a guide catheter in which L i 

Which is located said distal 
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portion of said core wire and a distal portion of said 
elongate shaft; and 

withdrawing said elongate shaft from the 
person's body. 

52. The method of Claim 51 further 
comprising the steps of: 

advanciiig a second intravascular device over 
said core wire; and 

unsecuring said distal portion of said core 
wire from within said guide catheter. 



53. A balloon catheter comprising: 
an elongate shaft having an. inflation lumen 
extending therethrough, and a guide wire lumen, said 
elongate shaft having a distal portion adapted for 
positioning intravascularly and a proximal portion 
adapted to extend outside of the body of a patient- 
during use; 

a dilation balloon connected to and located 
at the distal portion of said shaft and communicating 
with said inflation lumen and said guid'e wire lumen; 

a small profile core wire extending thiough 
said dilation balloon and having a distal portion that 
extends distally thereof from a distal core wire 
opening located distally of said balloon, and further 
25 in which said core wire is movable relative to said 
elongate shaft to allow withdrawal of said elongate 
shaft and said balloon while leaving said core wire 
positioned intravascularly; and 

a tip member connected to the core wire in a 
region thereof distal of the location at which said 
core wire extends distally of the core wire opening, 
said tip member having a profile larger than said 
opening. 
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54. A balloon catheter comprising: 
an elongate shaft having an inflation i 
extending therethrough, said elongate shaft h - '"" 
clistal portion adapted for positioning ' 
and a proximal portion adapted to extend 0 ^"'"''''^ 
body Of a patient during use; 

at .he ..st^i^^r;:r:^^^^^ - — 

With said lumen; communicating 

a small profile core wire evh^^nw 
at least said dilation h.ii ^^^^"^^"9 through 

core Wire ha. ' "^'^^^^^ ^^^^h location said 

core Wire has a distal profile and further said . 

core iV" M '"•^='> 

Wire IS movable relative to said «i 

inrravascularly; and 

. ° connected to the core wire In . 

region thereof dist.i of the location .t which sLd 
core Wire extends di^teliy of the core'wire ooen 
said tip ™e..er havin, e profile i«,er th.n Lr"'' 
opening, and further in which .aid core wir^ h 
profile proxi-nal of said balloon ' 
than said distal profile " 
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